Shiga toxin-producing Escherichia coli strains of serogroup O111 are the most frequently isolated non-O157 strains causing outbreaks of gastroenteritis with haemolytic uraemic syndrome (HUS). O antigen is a major antigen in Gram-negative bacteria, and it has been shown that O111 is a protective antigen. Attenuated Salmonella enterica sv Typhimurium aroA strain STM-1 was used as a live carrier to express the E. coli O111 O antigen. Mice immunized intraperitoneally produced serum immunoglobulin G, and mice immunized orally produced serum immunoglobulin G and secretory immunoglobulin A in the intestine against E. coli O111 cells as determined by enzymelinked immunosorbent assays.
Introduction
clones [1] . The O111 antigen has been classically associated with enteropathogenic E. coli, and has Escherichia coli is a clonal species, with clones now also been recognised as an O antigen of normally identified by their combination of O enterohemorrhagic and enteroaggregative E. coli and H (and sometimes K) antigens. Some O (for a recent review see Nataro [1] ). Since most antigens, such as O157 and O111, are char-laboratories do not screen stool samples for E. acteristically found in pathogenic clones. An coli O111, the magnitude of the public health O111 clone was the first E. coli strain implicated problem posed by these clones is probably unas a cause of outbreaks of gastroenteritis. Es-derestimated. Nevertheless there have been cherichia coli O111:H2, O111:H8, O111:H12 and numerous reports of O111 strains causing serious enteric disease: e. There is evidence that serum antibodies to the LPS of Salmonella enterica sv Typhimurium, Vibrio cholerae, and shigellae may confer protective immunity to these enteric pathogens [2] [3] [4] . In vitro, it has been shown that serum
antibodies against O antigen block adherence of E. coli to human intestinal epithelial cells [5] . , and jugated to a protein carrier have shown that it E. coli O111 Stoke W (c). Western blotting was carried is safe and immunogenic when it was ad-out using rabbit S. enterica O4 or E. coli O111 antisera. ministered by deltoid muscle injection [6] . A similar construct has been made using an O111 antigen-protein conjugate, and it was shown that the conjugate induced serum IgG response used as the basis for the expression in STM-1. We first moved it by electroporation from E. coli in mice when injected subcutaneously [7] .
However, an alternative approach is to use a K-12 into a S. enterica restriction minus strain, LB5000 [14] . Two hundred transformants were live attenuated S. enterica strain as a vector to express O111 antigen. Orally administered live screened for their ability to express O111 antigen by doing colony blotting, and plasmid DNA was avirulent S. enterica vaccine strains colonize Peyer's patches and reach deep tissues, in-isolated from an O111 positive transformant.
This DNA was then electroporated into STM-1 cluding the liver and spleen, via the circulatory system [8,-11 ]. An aroA S. enterica sv Typhi-to make strain P9497. Membrane preparations were run on SDS-PAGE and LPS visualised by murium strain, STM-1, can induce both humoral and mucosal immune responses against S. en-silver staining or Western blotting using S. enterica O4 or E. coli O111 antisera, which showed terica sv Typhimurium challenge in chicken [12] . In this study, we expressed the E. coli O111 that strain P9497 expressed both S. enterica O4 and E. coli O111 antigens. Western blotting also antigen in STM-1 and the immunogenicity of this construct when vaccinated intraperitoneally showed that the two antigens expressed by P9497 have a similar chain length distribution or orally was evaluated in mice.
( Fig. 1 Groups of ten, 6-8 week old Balb/c mice were injected with live bacteria (0.1 ml of 10 8 cfu/ml in PBS) intraperitoneally on days 1 and 14. Mouse sera were collected prior to vaccination and 14 days post-vaccination (day 28). Antibody response was determined by whole-cell ELISA against E. coli O111 or S. enterica STM-1 cells for individual sera. Pre-immune sera from all mice showed low levels of IgG (titre less than 185) or IgA (titre less than 50) specific for either E. coli O111 or S. enterica STM-1 cells. Sera from mice injected with P9497 had a high level of IgG against E. coli O111, whereas sera from mice injected with STM-1 had only background levels (Table 1) . As expected sera from mice injected with either STM-1 or P9497 showed a strong Fig. 2(a) ]: this could be due to antibodies Bacterial strains were grown in LB broth at 30°C against components common to both E. coli O111 to mid-logarithmic phase and washed with PBS. and S. enterica STM-1 surfaces.
Groups of 6-8 week old Balb/c mice were inThe intestinal IgA and IgG responses to S. jected with live bacterial (0.1 ml of 10 8 cfu/ml in enterica Typhimurium were the same for P9497 PBS) intraperitoneally or orally inoculated with and STM-1 immunized mice [ Fig. (2b) ], but for live bacterial (0.2 ml 5×10 8 cfu/ml in PBS) on some reason no serum IgG response was de-days 1 and 14. Mouse sera were collected using tected for mice immunized with P9497 [ Fig. micro haematocrit tubes ( 
Adams Pty Ltd., Division of Becton Dickinson This study demonstrates that oral im-and Co.) prior to vaccination and 14 days postmunization with an attenuated live S. enterica vaccination (day 28). strain expressing O111 antigen can elicit humoral For the groups of mice orally vaccinated, gut and mucosal responses against E. coli O111. Sub-washings were also carried out 14 days postcutaneous immunisation of mice with O111 an-vaccination. Mice were killed and intestines tigen conjugated to a protein carrier induced a were removed for preparation of gut washings. humoral response (IgG) against E. coli O111, but 5 cm sections were taken from the small intestine mucosal immune responses against E. coli O111 plus caecum, and from the large intestine. The have not been reported [7] . Deltoid muscle in-mucosal linings from both sections were rejection of O157 O antigen conjugated to a protein moved by scraping with a microscope slide in carrier can induce a protective immune response the presence a total of 5 ml of extraction buffer in human [6] , and induced humoral (IgG) re-[10 mM Tris, 10 mM EDTA, 2% Tween (pH 8.0)] sponse against E. coli O157 in mice [17] . It is and mixed. This mixture was incubated for 36 anticipated that an oral vaccine based on S. hrs at 4°C, and then centrifuged at 5000 g for 30 enterica, with good penetration to the lymphatic min at 4°C, and the supernatant dialysed against system inducing both serum and secretory anti-PBS overnight, and stored at −20°C. body responses, is a good candidate vaccine for prevention of colonization of E. coli O111 in cattle and other domestic animals.
Enzyme-linked immunosorbent assay (ELISA)
ELISA plates were first coated with bacteria
Materials and methods
by treating each plate well as follows: (i) fifty microliters of poly-l-lysine (10 g/ml in PBS)
Bacterial strains and plasmids were added and incubated at 37°C for 30 min. Next, 50 l bacteria were added (2×10 8 cells/ Salmonella enterica restriction minus strain, ml in PBS of S. enterica strain STM-1 or E. coli LB5000, is as described by Bullas and Ryu [14] .
O111 strain Stoke W [19] ) and centrifuged for Salmonella enterica sv Typhimurium aroA − strain, 10 min at 2000 rpm. Fifty microliters of 0.05% STM-1 [12] , was used to express the E. coli O111 glutaraldehyde in PBS was added and incubated antigen. Plasmid pPR1231 is as described by for 30 min at room temperature. ELISA was Bastin et al. [13] . Strain P9497 is STM-1 carrying carried out by treating each plate well as follows: plasmid pPR1231 (this paper).
Each plate was washed three times in PBS, pH 7.4, and coated with 5% skim milk in PBS, pH 7.4, for 1 h. Primary murine antibody was then added and incubated at 37°C for 2 h. The plates
DNA methods
were then washed three times with PBS, incubated with peroxidase conjugated secondary DNA isolation, restriction enzyme digestion and antibody [anti-mouse IgA (Sigma) or anti-mouse colony blotting were as described by Sambrook IgG (Silenus, Melbourne, Australia)] for 1 h. The et al. [18] . Electroporation was performed using plates were then washed three times with PBS. a Pulser Controller (BIO-RAD) and the method provided by BIO-RAD. ELISA plates were developed with 100 l of TMB
